Background: Emerging evidence indicates that some hematological markers have critical value in evaluating treatment response. This study was performed to determine the clinical value of hemoglobin (Hb), platelet (Plt), neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR) in rheumatoid arthritis (RA) patients treated with tocilizumab (TCZ).
| INTRODUC TI ON
Rheumatoid arthritis (RA) is a complex autoimmune disease characterized by chronic synovitis. 1 During the past decade, several novel discoveries pertaining to the pathogenesis of RA have led to the development and application of biological disease-modifying anti-rheumatic drugs (bDMARDs), including tumor necrosis factor-α (TNF-α) inhibitor, T-cell co-stimulation inhibitor, B-cell depletion, and interleukin-6 (IL-6) receptor inhibitor. 2 IL-6 is a pleiotropic pro-inflammatory cytokine and could exert a wide range of biological effects on different target cells implicated in the pathogenesis of RA, making IL-6 as a therapeutic target for RA. 3 Tocilizumab (TCZ) is a recombinant humanized anti-IL-6 receptor monoclonal antibody that blocks IL-6-mediated biological functions by binding to its soluble and membrane-expressed IL-6 receptor, and the efficacy and safety of TCZ monotherapy or combination therapy of TCZ with other conventional DMARDs (cDMARDs) has been well demonstrated; thus, TCZ has been approved and recommended as a first-line bDMARDs for RA patients. 4, 5 However, a considerable proportion of RA patients do not respond well to TCZ. Uncontrolled disease activity and inflammation due to unsuccessful treatment would result in disease progression and joint damage. Additionally, the cost of TCZ is relatively high, and some other bDMARDs are available. Thus, it is imperative to identify those patients who will clinically respond well to TCZ before treatment initiation.
Recently, emerging evidence indicates that some readily obtained hematological markers have critical value in evaluating treatment response. Of note, multiple studies suggest that the baseline levels of neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) might be used to guide treatment in the field of oncology. 7, 8 However, the clinical value of NLR and PLR for treatment response in RA patients has been rarely investigated. A recent study was conducted to analyze the relationship between NLR and treatment response to bDAMRDs (including infliximab, etanercept, adalimumab, TCZ, and abatacept) in RA patients, and the results indicated that the change in NLR (△NLR) could reflect the efficacy of bDMARDs. 11 Another study found that the levels of NLR but not PLR significantly increased at flare compared with their levels at pre-flare time point, suggesting that NLR is a reliable marker to assess disease activity in RA patients receiving TCZ treatment. 12 Furthermore, it has been demonstrated that the baseline levels of another two common blood-routine parameters, hemoglobin (Hb) 13, 14 and platelet (Plt), 14, 15 could predict the clinical response to TCZ in RA patients. Nevertheless, no other replication studies have been reported. Thus, the current study was undertaken to comprehensively assess the clinical value of hematological markers of interest (Hb, Plt, NLR, and PLR) in RA patients treated with TCZ, especially to test whether these simple, convenient biomarkers could provide information for personalized TCZ treatment in RA patients.
| S TUDY SUBJEC TS AND ME THODS

| Study subjects
In this prospective study, fifty-two RA patients receiving intravenous TCZ treatment were consecutively enrolled and followed for 6 months from the Department of Rheumatology, Ningbo First Hospital, between November 2013 and February 2017. All these RA patients fulfilled American Rheumatism Association 1987 revised criteria for the classification of rheumatoid arthritis 16 or the 2010 American College of Rheumatology/European League Against Rheumatism (EULAR) criteria for RA. 17 TCZ was given intravenously every 4 weeks at a usual dose of 8 mg/kg, following related recommendations. 18 The doses of prednisone (PLS) and cDMARDs were allowed to adjust at the discretion of the physician. This study was reviewed and approved by the ethics committee of Ningbo First Hospital, and informed consent was obtained from all participants.
| Data collection
The information of the following variables was collected before the initiation of TCZ treatment: age, gender, disease duration, anti-cyclic the disease activity of RA patients was mainly evaluated based on clinical disease activity index (CDAI), 20 and the disease activity score based on 28 joints (DAS28)-ESR was also calculated. 21 Student's t test was employed for quantitative variables. Pairedsample t test was used to compare the change in the levels of hematological markers of interest from baseline to month 6. Correlation analysis was conducted by calculating Pearson's or Spearman's correlation coefficient. Regarding patients who withdrew before month 6 and in cases of missing data, the last observation carried forward (LOCF) method was applied. All above analysis was performed with PASW Statistics 18.0 software (SPSS, Inc, Somers, NY, USA), and a two-tailed P value <0.05 was considered statistically significant.
| Statistical analysis
| RE SULTS
The baseline characteristics of RA patients included in the present study are summarized in Table 1 , and 42 of them were female (80.77%).
The mean age of these RA patients was 50.60 ± 12.16 years, and the median of disease duration was 90.00 (24.00-174.00) months. The proportion of CCP-positive and RF-positive RA patients was 84.62% and 92.31%, respectively. The mean of CDAI and DAS28-ESR was 28.38 ± 9.71 and 5.69 ± 0.95, respectively. Of the 52 patients, 38
were bDMARD-naive (73.08%). Fifty-one (98.08%) patients received concomitant cDMARDs, and 45 (86.54%) patients received concomitant prednisolone. At the end of the 6-month follow-up period, six patients discontinued the treatment (4 due to lack of efficacy, 1 due to adverse events, and 1 due to economic reason), and their related information was collected on the last visit point.
| The correlation between disease activity and hematological markers of interest at baseline
As shown in Table 2 , Plt and PLR were found to be positively correlated with CDAI (Plt: r = 0.44, P = 1.15 × 10 −3 ; PLR: r = 0.34, P = 0.01) and DAS28-ESR (Plt: r = 0.46, P = 6.86 × 10 −4 ; PLR: r = 0.30, P = 0.03), while Hb was detected to be inversely correlated with CDAI (r = −0.32, P = 0.02) and DAS28-ESR (r = −0.37, P = 7.16 × 10 −3 ). However, non-significant evidence was found for correlation between NLR and disease activity.
| The effect of TCZ treatment on hematological markers of interest
Paired-sample t test was applied to analyze the change in hematological markers of interest from baseline to month 6, and the results indicated that Plt (t = 8.57, P < 0.01), NLR (t = 4.45, P < 0.01), and PLR (t = 6.80, P < 0.01) decreased significantly, while Hb increased significantly (t = 9.21, P < 0.01) ( Table 3 ).
| The correlation between change in hematological markers of interest and change in disease activity from baseline to month 6
To determine whether the change in hematological markers of interest was in parallel with the change in disease activity, the correlation analysis was performed. As shown in Table 4 , significant correlation between △NLR, △PLR, and △CDAI was found (△NLR: r = 0.30, P = 0.03; △PLR: r = 0.31, P = 0.03). In addition, the change in Plt (△Plt) was found to be correlated with change in DAS28-ESR (△DAS28-ESR) (r = 0.36, P = 8.24 × 10 −3 ). Nevertheless, we did not find significant correlation between change in Hb (△Hb), △CDAI, and △DAS28-ESR.
| The change in disease activity from baseline to month 6 in RA patients categorized according to the baseline level of hematological markers of interest
To determine whether there was significant difference in clinical response between RA patients with different baseline levels of hematological markers of interest, the change in disease activity from baseline to month 6, which was used to assess the clinical response to TCZ, was compared between the two groups of RA patients the median value of all RA patients was adopted as the cutoff value.
The values higher than the cutoff value were categorized into high group, and the rest were sorted into low group.
As shown in Table 5 , greater improvement in CDAI was seen in 
| D ISCUSS I ON
Recently, a growing body of evidence indicates that some simple, convenient, and cost-effective hematological markers (Hb, Plt, NLR, and PLR) have significant clinical value in evaluating treatment response. [7] [8] [9] [10] In the present study, the clinical significance of Hb, Plt, NLR, and PLR in RA patients treated with TCZ was investigated, and the results of our study indicated that Hb, Plt, and PLR might serve as tools to reflect disease activity, and △Plt, △NLR, and △PLR could be used to monitor the clinical response to TCZ. Moreover, patients with high levels of Plt, NLR, and PLR at baseline achieved more improvement, indicating that these hematological markers might be utilized to guide TCZ treatment in RA patients.
Recently, NLR and PLR, two simple hematological markers of subclinical systemic inflammation, have been extensively explored in malignancies and cardiovascular diseases, and it has been demonstrated that these two indices have the potential as prognostic factors for these diseases. 25, 26 Besides, some studies also found that these two indices might be applied to guide personalized treatment in some types of tumor. 7, 8 During the past few years, NLR and PLR have also received widespread attention in the field of rheumatology.
A recent meta-analysis showed that NLR and PLR were significantly up-regulated in some types of rheumatic diseases including RA. 31 Moreover, NLR and PLR were also found to be positively correlated with disease activity of RA patients, 32, 33 and we also found that PLR was positively correlated with CDAI and DAS28-ESR at baseline in the present study, suggesting PLR might be used to reflect disease activity for RA patients. However, there was no significant correlation between NLR and disease activity scores, and this discrepancy might be partially owing to the different clinical and treatment background, and most of the patients included in our study had been treated with at least two cDMARDs.
Apart from the value of assessing disease activity, a few studies were performed to determine the clinical value of NLR and PLR in treatment response in the field of rheumatology. 11, 12, 22, 23 In a study involving 358 RA patients treated with bDMARDs (infliximab, etanercept, adalimumab, TCZ, and abatacept), NLR decreased significantly after treatment with each bDMARDs except for abatacept, and △NLR was positively correlated with △DAS28-ESR, indicating that △NLR might be applied to reflect the efficacy of bDMARDs. 11 In another study involving 52 RA patients treated with TCZ, 16 patients experienced flares, and NLR was found to be significantly upregulated in all but one patient at flares compared with pre-flare time point, suggesting that NLR is a reliable marker to evaluate clinical response to TCZ. 12 In other words, this study also implies that △NLR could be used to monitor clinical response to TCZ in RA patients. Besides monitoring treatment response, NLR was found to have the capacity to predict the clinical response to one bDMARD, infliximab, in patients with Crohn's disease (CD) 22 and ulcerative colitis (UC). 23 In a retrospective study, a total of 30 CD patients who underwent full 52-week infliximab therapy were included, and the results revealed that the NLR levels at baseline and at week 14 were significantly lower in CD patients who responded to induction treatment at week 14 and maintained the response compared with those who lost response to maintenance infliximab treatment. 22 Subsequently, the predictive value of NLR for clinical response to infliximab in UC patients was also examined in one study involving 59 patients with moderate-to-severe active UC treated with infliximab, and 37 patients experienced clinical response after induction therapy. During the observational period, 14 of 37 patients on maintenance therapy lost the response, and the NLR baseline levels of patients who lost to response were significantly higher than those in patients with sustained response. 23 Taken together, these two studies indicated that the pre-treatment levels of NLR could serve as predictor of sustained response to a 52-week course of infliximab therapy among patients with CD and UC, and taking NLR into account in patients with CD and UC may lead to more appropriate clinical management of those patients treated with infliximab. Of note, adopting the method of categorizing patients using the median level of NLR and PLR, significantly greater improvement was seen in patients with high baseline levels of NLR and PLR, and this indicates that TCZ might be preferred for patients with relatively high NLR and PLR.
In addition to NLR and PLR, several recent studies also found that the levels of another two common hematological markers before initiation of TCZ treatment, Hb 13, 14 and Plt, 14, 15 might hold the potential as predictors of clinical response to TCZ in RA patients.
In a multicenter ambispective observational study, 126 RA patients treated with TCZ were enrolled, and the results suggested that patients with higher concentrations of Hb were less likely to achieve remission at month 3. 13 Another study comprising 87 RA patients Intriguingly, a recent study was performed to develop scoring system based on common laboratory indices to discriminate between individuals more likely to respond to TCZ or TNF-α inhibitor, and the results indicated that the values of Hb and Plt were significantly correlated with the efficacy of TCZ. Thus, the final scoring system was constructed based on several items including Hb and Plt. 14 As the author explained, this may reflect the predominant role of IL-6 in RA pathogenesis. It has been revealed that IL-6 could act on maturational stages in megakaryocytopoiesis and promotes Plt production in vivo in mice, suggesting that IL-6 could function as thrombopoietin. 37 In inflammatory thrombocytosis, IL-6 could induce thrombocytosis through thrombopoietin (TPO). 38 In addition, it has been reported that administration of IL-6 to humans leads to an increase in circulating Plt counts. 39, 40 As a pro-inflammatory cytokine, available evidence indicates that IL-6 is involved in anemia of inflammation, since IL-6 could strongly induce the production of hepcidin, which is a peptide hormone synthesized mainly by hepatocytes, and could function as a negative iron regulator through inhibiting iron absorption from the duodenum and iron release from macrophages. 41 15 Although other studies found the predictive value of Hb in the efficacy of TCZ, 13, 14 it should be noted that the analytical means, response criteria, and sample size might account for the discrepancy. In addition, we also found significant positive correlation between Plt and disease activity scores, and inverse correlation between Hb and disease activity scores was also detected, indicating that these two markers could also be utilized to reflect disease activity for RA patients. To test whether these two markers could be applied to monitor clinical response to TCZ, △Plt was found to be positively correlated with △DAS28-ESR, indicating that △Plt could be used to monitor the clinical response to TCZ in RA patients.
Our results should be interpreted with caution due to the limitations. First, since the majority of RA patients included in the present study were female and bDMARD-naive, the generalizability of our study might be limited. In addition, the sample size of this study is relatively small, and some statistically significant results might be caused by sampling error, so the results of our study need further confirmation in studies with larger sample sizes.
These hematological markers are easily available without additional cost, making them as preferred items in daily practice. Our study demonstrated that Hb, Plt, and PLR might serve as tools to reflect disease activity, and △Plt, △NLR, and △PLR could be used to monitor the clinical response to TCZ. Additionally, patients with high baseline levels of Plt, NLR, and PLR might achieve more clinical improvement, indicating that these hematological markers might be utilized to guide TCZ treatment in RA patients. 
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